Aims was to study whether hepatal surgery leads to hematogenous dissemination of hepatocellular carcinoma (HCC) cells and determine period of its persistence by nested reverse transcription-polymerase chain reaction (RT-PCR).
Hepatocellular carcinoma (HCC) is the third leading cause of cancer mortality worldwide. It often follows cirrhosis caused by viral or alcoholic hepatitis. Prognosis remains very poor, and treatment options are few [1] . Curative surgery and liver transplantation are only available to a small minority of early-stage HCC patients. Other common therapies (including ablative therapies, such as percutaneous ethanol intratumoral injection(PEI), transcatheter arterial chemoembolization (TACE), cryoablation(CA) and radiofrequency ablation (RFA) and Sorafenib) are largely palliative. Treatment is complicated by preexisting cirrhosis, as chemotherapy or resection may not be options in a patient with poor liver reserves.
The early diagnosis of HCC helps in improving the patients' prognosis and in the selection of appropriate treatment protocols. Treatment decisions and prognostic predictions in patients with HCC are commonly based on macroscopic tumor characteristics, detected by imaging studies(tumor size, number, lobar distribution, vascular invasion and extrahepatic metastasis), and by the function quality of the non malignant liver. Although the diagnosis and treatment methods of HCC have been developing over the last 20 years, the recurrence and mortality of HCC is still high. One reason is that patients with HCC in the early state are asympatomatic, and most of them present in the late-stage, advanced, or micrometastasis state [2] .
HCC has a very poor prognosis, and the majority of cases are detected at advanced stages [3] . Systemic therapies, including chemotherapy, are largely ineffective. Local regional therapy other than resection is largely palliative and includes: PEI, TACE, cryoablation and RFA, et al.
The only hope of long-term survival for patients with HCC is surgical resection or liver transplantation. However, after apparently curative resection, recurrences are common, and they largely account for poor survival rates of only 68.5% at 1 year and 31.9% at 5 years after HCC resection, and >80% of recurrences are intrahepatic [4] [5] [6] . HCC recurrences are presumably caused by the incomplete resection of HCC, leaving behind residual tumor at the site of the resected stump, the presence of undetectable regional micrometastasis, and/ or the dissemination of tumor cells into the bloodstream during surgical manipulation [7, 8] . It has been conceived that one may infer the presence of circulating HCC cells and hence the potential for metastasis if AFP mRNA are detected in peripheral blood. There has been emerging evidence suggesting that AFPmRNA detection is strongly associated with the presence of metastasis or HCC recurrence, particularly after surgery [8] [9] [10] [11] .
In the present study, we aimed to assess whether surgical maneuver or resection of HCC could lead to hematogenous dissemination of HCC. The quantity and timing of hepatocytes shedding into the circulation of HCC patients were also monitored by nested RT-PCR before and after surgery.
Patients and methods
Patients. From Janurary 1 st 2007 to December 31th, 2010, with informed consent and ethic approval from the Ethics Committee of Tongji University of China, 5ml peripheral blood samples were collected during preoperative and postoperative periods from 54 HCC patients of T 1 N 0 M 0 stage, 6 HCC patients from T 2 N 0 M 0 stage [12] (making sure with AFPmRNA negative preoperatively by RT-PCR) and 20 LCH patients(the diameter of liver hemangioma is below 10 cm), whom underwent surgical resection with curative aim(data as Table 1 and Table2 showed). Preoperative blood samples were collected from the patients studied at least 1 d before surgery. Postoperative blood samples were collected at 48h, 72h and 1 week after HCC resection. The diagnosis of HCC was confirmed histologically on each resected specimen postoperatively and with CT scans or Ultrasonography and blood AFP measurements preoperatively.
Peripheral blood mononuclear cell (PBMCs) isolation and RNA extraction. We use a Ficoll overlay procedure to isolate PBMCs from whole blood. Heparinnized whole blood was centrifuged and the plasma fraction was removed. The cellular fraction was enriched for mononuclear cells or possible tumor cells according to the method described by Komeda [11] . Total cellular RNA was extracted with TRIzol Reagent (Invitrogen) according to manufactory's providing procedure.
Nested RT-PCR and detection of AFPmRNA. The reverse transcription reaction was carried out in 20µl reaction mixture using a first-strand cDNA synthesis kit (Products of Promega Company, USA ) by following the manufacture's instructions. Nested PCR was conducted by adding solution 5µl of cDNA to 100 µl of reaction mixture containg 10mM Tris-HCL (pH 9.0), 50mM potassium chloride, 4.5mM magnesium chloride, 250nM dNTP 15p mol of each outer primer (EX-sense and EX-antisense) and 2.5 units of Taq DNA polymerase (Products of Promega Company, USA ). The reaction mixtures were Patients were followed up at least once every 2 months after surgery by ultrasonography or CT scan, in addition to the measurement of serum α-fetoprotein(AFP). The followup period is 3 years.
Cell lines. We used EDTA-treated water (filtered and vaporized) as a negative control and HepG2 (hepatoblastoma) cell line (Sigma) as a positive control for AFP mRNA expression. HepG2 cells were cultured in RPMI 1640 medium containing 10% inactived fetal bovine serum in a humidified atmosphere with 5% CO 2 incubator at 37°C. The sensitivity of our assay, determined in a dilution experiment using freshly isolated human hepatocytes (10 2 -10 1 ) in 1 mL of whole blood before RNA extraction, was approximately 1 hepatoma cell for every 10 5 peripheral mononuclear cells.
Statistical analysis. Results are expressed as mean±SD, Fisher's exact test were used to determine differences between groups. P<0.05 was considered significant.
Results
AFPmRNA from clinical sample. AFPmRNA of all 60 cases of HCC patients were negative before surgical resection. 
Figure 2. The final products of PCR was cut into two pieces of 60bp and 41bp by nuclease Pst I
There were 28 patients in 60 HCC patients being detected AFPmRNA in 48 hours after hepatal surgery (28/60, 46.7%), 16 patients with AFPmRNA positive in 72 hours after hepatal surgery (16/60, 26.7%), all HCC patients with negative AF-PmRNA at 1 week after hepatal surgery (0.0%), showed in Table 3 . None of LCH patients were detected AFPmRNA after hepatal surgery at any time.
Time for recurrence and metastasis. All the HCC patients were followed up for 3 years. For 28 HCC patients with AF-PmRNA positive after hepatal surgery, 4 patients developed intrahepatic tumor recurrences within 1 year (4/28, 14.3%), 6 cases relapsed in the second year(6/28, 21.4%), 10 cases relapsed in the third year(10/28, 35.7%). For 32 HCC patients with AFPmRNA negative before and after hepatal surgery, 5 cases developed intrahepatic tumor recurrences within 1 year (5/32, 15.6%), 7 cases developed intrahepatic tumor recurrences within the second year (7/32, 21.9%), 11 cases developed intrahepatic tumor recurrences whin the third year (11/32, 34.4%), showed in Table 4 , none had lung or distal metastasis. None of LCH patients relapsed postoperation within three years.
Discussion
Hepatal surgery is the treatment of choice for hepatocellular carcinoma (HCC), but HCC resection is considered to be possible spreading HCC cells into blood circulation via portal blood flow [14] . There have been correlative studies exploring the prognostic factors of HCC recurrence after curative resection [15, 16] . Among those clinicopathological factors, characteristics representing pathological invasiveness are the most consistent indicator of long-term prognosis. We demonstrated that the presence of circulating HCC cells by assaying a positive AFP mRNA in the peripheral blood within 1 week after curative resection of HCC is not associated with an increased risk of recurrence and a shorter recurrence-free survival.
Reverse-transcriptase polymerase chain reaction (RT-PCR) is a sensitive and versatile method to amplify cDNA gener-ated by reverse transcriptase from mRNA. It is very helpful in the qualification or quantitation of the very small amount of RNA. However, RNA is less robust than DNA. After about 35 cycles of amplification, the yield visualized might not be clear and specific enough. Nested RT-PCR is developed to perform with 1 set of primers (the first round) and then with or without removal of reagents, to reamplify with an internally situated "nested" set of primers (the second round). This process ensures that all products nonspecifically amplified in the first round will not be amplified in the second round, producing a yield that is specific and enhanced. The increased sensitivity and specificity of nested RT-PCR were readily apparent in patients with minimal residual disease.
A higher risk of HCC recurrence has been reported for patients with preoperative circulating AFP mRNA. However, only those who also persistently tested postoperatively positive for circulating AFP mRNA had a higher recurrence rate [17, 18] .
The HCC tissue is surrounded by a vascular space analogous to the hepatic sinusoids. Because of this anatomic structure, tumor cells might easily be released into the sinusoids after detachment from a tumor focus after either spontaneous or iatrogenic detachment from a tumor, and these cells might migrate into the portal or hepatic vein and finally enter the systemic circulation. Whether micrometastasis occurs is determined by the ability of tumor emboli to survive in the circulation, attach firmly to the endothelium of distant organ capillaries, gain entrance to extravascular tissues, evade host defense mechanisms, and then grow into tumor colonies. Preoperative circulating AFP mRNA in peripheral blood may represent shedding of cells from primary HCC. However, the shedding process should cease after curative resection of HCC. Isolated tumor cells remaining at that time are probably destroyed immunologically. This may explain why preoperative AFP mRNA correlates poorly with tumor recurrence.
Witzigmann et al and Lemoine et al [19, 20] did not find any correlation between postresection recurrence of HCC and the presence of circulating AFPmRNA, irrespective of whether it was measured before, during, or after surgery. The best timing for postoperative blood sampling is still uncertain. Funaki et al [21] and Okuda et al [17] thought circulating HCC cells transiently liberated during surgery would be destroyed within 7 days.
We analyzed the timing of shedding and lasting time of AFP-expressing HCC cells into the circulation of patients with HCC undergoing surgical resection. Our present data clearly demonstrate that HCC cells are released into the bloodstream during surgery for part of HCC patients, as reflected by the detection of AFPmRNA. The presence of AFPmRNA after surgical resection, implicated the mechanical spillage of HCC cells into the circulation during surgery.
Our findings clearly showed 28 cases of 60 HCC patients were AFPmRNA positive at 48h postoperation (46.7%), 16 HCC patients with AFPmRNA positive at 72 hours after hepatal surgery (26.7%), all HCC patients with AFPmRNA negative at 1 week after hepatal surgery (0.0%). The AFPm-RNA disappearance may be caused by mechanical kills and immunocytes attack of the body [22] . None of LCH patients were detected AFPmRNA after hepatal surgery at any time (0.0%).
All the patients were followed up for 3 years. For 28 HCC patients with AFPmRNA positive after hepatal surgery, 4 HCC patients developed intrahepatic tumor recurrences within 1 year (4/28, 14.3%), 6 cases relapsed in the second year(6/28, 21.4%), 10 cases relapsed in the third year(10/28, 35.7%). For 32 HCC patients with AFPmRNA negative before and after hepatal surgery, 5 cases developed intrahepatic tumor recurrences within 1 year (5/32, 15.6%), 7 cases developed intrahepatic tumor recurrences within the second year (7/32, 21.9%), 11 cases developed intrahepatic tumor recurrences whin the third year (11/32, 34.4%, P>0.05), none of HCC patients had lung or distal metastasis. None of LCH patients relapsed postoperation within three years.
We present evidence that AFP-expressing HCC cells are disseminated intraoperatively into the circulation and lasted short period postoperatively(within 1 week). We think surgical resection of HCC may caused HCC cells spreading into peripheral blood shortly, but it is not concerning with recurrence and metastasis of HCC, just as the report from Sheen's [23] . HCC tumor vaccines may also play important role in clearance of these circulating HCC cells which may concern with HCC recurrence or metastasis, the further study is on the way [24, 25, 26] .
